Accurate estimation of time passed since death is a complicated task in forensic medicine especially in homicide or unwitnessed death investigations. Changes in oxidant/antioxidant parameters were investigated if it can be relied upon in estimating the early postmortem interval (EPI) in rat heart and kidney, and whether these changes were correlated with histopathological findings in these tissues. Heart and kidney tissues of 84 male albino rats were divided into 2 parts. One part used for estimation of levels of malondialdehyde (MDA), nitric oxide (NO), and total thiol as well as the activity of glutathione reductase (GR), glutathione S transferase, and catalase. The second part was examined histopathologically. It was found that MDA and NO were significantly increased earlier in the heart than kidney tissues. Meanwhile, total thiol, catalase, glutathione S transferase, and GR were commenced to be significantly decreased in the heart before kidney tissues. Linear regression analysis of independent variables of heart was found to be of a high predictive value of 97.2% (EPI = 8.607 − 0.240 GR + 0.002 MDA + 0.014 NO). Structural deterioration of heart started 3 to 4 hours compared with renal sections that began 5 to 6 hours after death. The relationship between oxidant and antioxidant parameters is crucial in determining the EPI. The kidney was found to be more resistible to oxidative damage. Further research on humans is needed.
A ccurate estimation of time passed since death is one of the most complicated tasks in forensic medicine especially in homicide or unwitnessed death investigations. 1 It assists in distinguishing antemortem pathology from postmortem artifact. It is also essential for including and excluding suspects on the basis of their sites at the time of death and provides a time frame in which unrecognized decomposed remains might be related to missing persons. 2 Postmortem physiological and physical changes are usually inferred to estimate postmortem interval (PMI) especially during periods of decaying process. These include changes in body temperature, distribution of rigor mortis, death stains, and growth of bugs on the corpus. 3, 4 There are some factors that affect the postmortem process and make the determination of PMI difficult such as age, sex, physical, and physiological state of the deceased. In addition, there are external factors including air temperature and humidity as well as animal and insect activity. 5, 6 Death results in extensive biochemical changes in all body tissues due to absence of circulating oxygen, altered enzymatic reactions, cellular degradation, and cessation of anabolic pathways. These biochemical changes may help to determine the time since death. During the last 60 years, numerous methods have been advocated for determination of PMI by chemical means. 7 Traditional biochemical methods detect many metabolites that change postmortem, but these have not been widely used for determining PMI because they failed to produce precise, reliable, and rapid results required by the forensic investigators. 1 Few reports have analyzed changes associated with the time since death within the first hours of death.
In living tissue, there is continuous formation of free radicals, which are scavenged by means of antioxidant systems. Under physiological conditions, there is not only a state of continuous balance between oxidants and antioxidant defense system, but also in favor of antioxidants. 8 Meanwhile, in injured tissue, this equilibrium is in favor of oxidants with a decrease in antioxidant levels in the damaged tissues of any live animal. 9, 10 After death, it cannot be assumed that oxidant/antioxidant balance be adequately controlled by the body, so changes in oxidant/ antioxidant parameters are evaluated as biochemical disturbances. 11 The aim of this study was to investigate whether the changes in oxidant/antioxidant parameters can be relied upon in estimating the early PMI in rat heart and kidney and whether or not these changes correlated with histopathological findings in these tissues.
of Faculty of Medicine, Tanta University. Fewer numbers of animals estimated to affair valid results were used. Animal painless procedures conducted with appropriate sedation to avoid pain and stress.
Experimental Design
This current work was carried out in Forensic Medicine and Clinical Toxicology Department, Faculty of Medicine and Biochemistry Department, Faculty of Pharmacy, Tanta University, Egypt. Rats were divided into seven subgroups (each = 12), were sacrificed by cervical dislocation after being anaesthetized by ether inhalation. These rats were stored at room temperature and humidity (22°C, 15%) during the period between the time of death and organ harvesting. The thorax and the abdomen were opened, where both heart and kidney were extracted at intervals of one hour (0-1, 1-2, 2-3, 3-4, 4-5, 5-6, 6-7 hours intervals). The surface upon which the sacrificed rats were handled was wax tray.
Tissue Preparation
The heart and kidney tissues were divided into 2 parts. The first part was washed 3 times in ice-cold saline (0.9% NaCl) and blotted individually on ash-free filter paper to dry. Then, tissues were dissected into small pieces and frozen at −80°C for biochemical analysis. Each piece was weighed, homogenized separately with a Potter-Elvenhjem tissue homogenizer (Italy) in 10 mM phosphate buffer saline (PBS), pH 7.4, and centrifuged at 9000g for 15 minutes at 4°C to 6°C. The resulting supernatants were used for estimation levels of malondialdehyde (MDA), nitric oxide (NO), and total thiol (T-SH) as well as the activity of glutathione reductase (GR), glutathione S transferase (GST), and catalase (CAT). The second part of the hearts and kidneys were immediately fixed in neutral buffered formalin (10%) for histopathological examination.
Biochemical Analysis
Protein concentration of heart and kidney homogenates was determined by the method of Lowry et al, 12 using bovine serum albumin as a standard.
Determination of Total Thiol (T-SH) in Tissue
Total thiol level was determined according to Ellman. 13 Briefly, 2 mL of (0.1 M, pH 8.2) Tris/EDTA buffer and 50 μL tissue homogenate were added to cuvette, followed by 100 μL of dithionitrobenzoic acid (10 mM). Then, the reaction mixture was incubated for 15 minutes at room temperature. The absorbance was read at 412 nm against Tris/EDTA buffer as blank. The concentration of T-SH was calculated using molar extinction coefficient of the thionitrobenzoic of 13,100 M -1 cm -1 .
Estimation of Glutathione-S-transferase (GST, E.C. 2.5.1.18) Activity
Total GST activity (cytosolic and microsomal) was measured according to the method described by Habig et al, 14 using the commercial kit (Biodiagnostic, Cairo, Egypt). The assay of GST depends on the conjugation of 1-chloro-2,4-dinitrobenzene or CDNB with reduced glutathione (GSH) that produces a dinitrophenyl thioether, which can be detected at 340 nm. One unit of GST activity is defined as the amount of enzyme producing 1 mmol of CDNB-GSH conjugate per minute.
Estimation of Glutathione Reductase (GR, E.C. 1.8.1.7) Activity Glutathione reductase catalyzes the nicotinamide adenine dinucleotide phosphate-dependent reduction of oxidized GSH (GSSG) to reduced GSH, which plays an important role in the GSH redox cycle that maintains adequate levels of reduced GSH. Glutathione reductase assay 15 was determined by measuring the rate of oxidation to NADP+, which is accompanied by a decrease in absorbance at 340 nm using commercial kit (Biodiagnostic, Cairo, Egypt). One unit GR activity is defined as the amount of enzyme that will reduce 1 μmol GSSG per minute at pH 7.6 and 25°C.
Determination of Catalase (CAT, E.C.1.11.1.6) Activity It was measured according to the method by Beers and Sizer 16 by measuring the decrease in the absorbance for H 2 O 2 consumption at 240 nm at the interval of 30 seconds for 3 minutes. One unit of CAT activity was defined as micromoles of H 2 O 2 decomposed per minute using molar extinction coefficient of
Determination of the Lipid Peroxidation Product Malondialdehyde (MDA) in Tissue
The degree of tissue lipid peroxidation was determined by estimating MDA level using the thiobarbituric acid. 17 A total of 0.5 mL brain homogenate was added to a solution containing 0.2 mL of 80 g/L sodium lauryl sulfate, 1.5 mL of 200 g/L acetic acid, 1.5 mL of 8 g/L of 2-thiobarbiturate, and 0.3 mL of distilled water. The mixture was incubated at 98°C for 1 hour. After cooling, 5 mL of n-butanol; pyridine (15:1) was added. The mixture was vortexed for 1 minute and centrifuged for 30 minutes at 875g. The absorbance of the supernatant was measured at 532 nm. The extent of lipid peroxidation was expressed as MDA (nmoL MDA/mg protein) using a molar extinction coefficient for MDA of 1.56 Â 105 M/cm.
Determination of Nitric Oxide (NO)
Nitric oxide assay relies on a diazotization reaction of the Griess reagent. 18 Samples were treated with copporized cadmium in glycine buffer at pH 9.7 to reduce nitrate to nitrite. After centrifugation, the sample was mixed with fresh 100 μL of Griess reagent and 100 μL of metaphosphoric acid; a deep purple azo compound occurred. The Griess reagent consists of 0.1 g sulfanilamide, 2.5 g phosphoric acid, and 0.01 g N-(1-napthyl)ethylenediamine in 100 mL of distilled water. The absorbance of the deep purple azo compound was measured at 540 nm. The concentration of measured nitrite represented the nitrate plus nitrite. A standard curve was established with a set of serial dilutions of sodium nitrite. Results were expressed as μM/mg protein.
Histopathological Examination
For light microscopic study, the fixed specimens of the heart and kidney were dehydrated through ascending grades of ethyl alcohol, cleared in xylene, and embedded in paraffin wax. Later, 4-μm thick sections were stained with hematoxylin and eosin (H&E). 19 Tissues were examined under light microscope to detect the postmortem cellular changes of the heart and kidney tissues.
Statistical Analysis
Data were analyzed using statistical package for social sciences (SPSS) Version 18 for calculation of descriptive measures as arithmetic mean (SD). All data were analyzed by an application of one-way analysis of variance (ANOVA) test. Comparison of each group in relation to the first group (0-1 hour) was done by Dunnett test (post hoc test). A linear regression analysis to search for factors predicting time of death was carried out. Dependent variable was time of death and independent variables included MDA, NO, CAT, T-SH, GR, and T-SH. Coefficient of regression and 95% confidence intervals for each variable were also calculated. The significance was declared at a P value of less than 0.05. Table 1 showed the level of analyzed oxidants and antioxidants in the heart and kidney tissues of rats depending on the time of extraction. With regard to the heart tissue, it was found that MDA as one of the most frequently used indicators of lipid peroxidation and NO as an oxidant marker started to be significantly increased at 3 to 4 and 4 to 5 hours after death, respectively. On the other hand, antioxidants (T-SH, CAT, and GR) measured in this study started to be significantly decreased at 1 to 2 hours after death, whereas GST was significantly decreased at 2 to 3 hours after death.
RESULTS
Regarding the kidney tissue, MDA and NO started to be significantly increased at 5 to 6 hours after death, whereas GR and GST were significantly decreased at 3 to 4 hours after death and afterward. Total thiol commenced to be significantly decreased at 4 to 5 hours after death, whereas CAT became significantly decreased at 6 to 7 hours after death and afterward.
Evaluation of linear regression analysis of independent variables for predicting time of death was shown in Table 2 . The GR, MDA, and T-SH of kidney tissue were found to be significant factors independently affecting prediction of early PMI with a predictive value (R 2 = 69.7%).
With regard to the heart tissue, GR, MDA, and NO were found to be significant factors independently affecting prediction of early PMI with a high predictive value (R 2 = 97.2%). So, the following linear regression formula was applied with a good ratio of prediction. EPI = 8.607 − 0.240 GR + 0.002 MDA+ 0.014 NO
Histopathological Examination
Examination of H&E-stained cardiac sections showed gradual deterioration in the structural integrity starting 3 to 4 hours postmortem compared with sections obtained 1 hour postmortem ( Fig. 1 ). On the other hand, examination of H&E-stained renal sections revealed gradual deterioration in the structure of both cortex and medulla starting from 5 to 6 hours after death compared with those during the first hour postmortem (Fig. 2) .
DISCUSSION
Thanatochemistry is the chemistry of death. It is used to describe the changes that occur in the chemical composition of the human corpse as soon as death occurs. It can give a quantitative measurement to determine PMI. 7 Biochemical changes have been attributed to the following 3 factors: the agonal period of anoxia, the continuation of biochemical changes in the early postmortem period, and the distribution of easily diffusible substances between erythrocytes and plasma as well as between interstitial fluid, tissue cells, and the blood. 1 Oxidative stress is defined as a marked imbalance between the reactive oxygen species (ROS) and its removal by antioxidant system. This may originate from an overproduction of ROS or from a reduction in antioxidant defenses. 20 The oxidant/ antioxidant parameters are significantly correlated with the tissue damage and repair. 21 In the present study, the heart and kidney tissues of rats were examined in an attempt to disclose whether or not a significant association was present among levels of oxidant/antioxidant parameters and PMI (0-7 hours). In addition, morphological changes were assessed using H&E stain.
Organs were removed just after the decapitation process without being subjected to any other process to be healthy tissues in the experimental studies. These healthy tissues correspond to the zero hour of death. 21 In the present study, the oxidant/antioxidant balance in both the heart and kidney was in favor of antioxidants up to 2 and 4 hours, respectively. This was in accordance to Sener et al, 11 in a similar study on rat liver, who explained the antioxidant superiority in the oxidant/antioxidant balance by continuing physiological reaction of the body.
Ozturk et al, 21 in a similar study on rat femoral muscle, explained that the levels of oxidant/antioxidant parameters were statistically insignificant in tissues 1 hour postmortem as compared with those obtained immediately after the decapitation of rats at death (0 hour after death). However, later after death (2-5 hours), the oxidant parameters displayed a significant increase in contrast to antioxidants, which showed a significant decrease.
Nitric oxide is produced in response to homeostatic, inflammatory, or mitogenic stimuli. Nitric oxide can produce hydroxyl radicals as well as nitrogen dioxide radicals. 22 Malondialdehyde, a biological marker of oxidative stress, results from peroxidation of the fatty acids containing 3 or more double bounds in cell membranes. 23 In the present study, it was found that NO was significantly increased at 4 to 5 hours in heart tissue and at 5 to 6 hours in kidney tissue after death. Meanwhile, MDA started to be significantly increased at 3 to 4 hours in the heart tissue and at 5 to 6 hours in the kidney tissue after death. Sener et al 11 and Ozturk et al 21 found significant increase in MDA and NO levels in rat liver and femoral muscle after death, respectively, but at different PMIs. These results were also in accordance to Kundu et al 24 who found MDA and T-SH in human cases of various cause of death shows that MDA level is significantly correlated with time passed since death; for example, as time elapsed since death increases, the level of MDA in post mortem blood also increases as cells are disrupted after death. However, Celik et al 25 reported that the amount of MDA is increased in parallel to the increase in the extent of damage in the experimental animal studies. Moreover, the average increase of MDA in an experimentally damaged tissue has not been greatly different from that observed during further hours after death.
In the current study, thiols concentration of heart tissue was decreased significantly after the first hour of death. On the other hand, kidney tissue showed significant decrease at 4 to 5 hours after death. These changes may be attributed to the difference in tissue contents of thiols. Sener et al 11 found that the decrease in thiols level of rat liver became significant at 3 to 4 hours postmortem. Meanwhile, Ozturk et al 21 reported that it showed significant decrease in thiol level at 2 and 3 hours in rat skeletal muscle.
Thiols are a class of organic compounds that contain a sulfhydryl group (-SH). They constitute the major portion of the total body antioxidants that play a significant role in defense against ROS. The liver, kidney, and heart are the richest organs but in a descending order. 26 In our study, GR level was found to be significantly decreased at 1 to 2 hours and 3 to 4 hours after death in the heart and kidney, respectively. Glutathione reductase catalyzes nicotinamide adenine dinucleotide phosphate-dependent reduction of GSH disulfide (GSSG) to reduced GSH. Thus, it is the crucial enzyme to maintain high (GSH)/(GSSG) ratio and physiological redox status in cells protecting the cells from oxidative damage. The kidney and liver tissues were considered as the richest sources of GR. 27, 28 In the present study, GST level was found to be significantly decreased at 2 to 3 and 3 to 4 hours after death in the heart and kidney, respectively. Sener et al 11 found that the decrease in rat liver became significant at 1 to 2 hours postmortem. Meanwhile, skeletal muscles showed significant decrease at 2 to 3 hours postmortem in the study by Ozturk et al. 21 Enzyme GST catalyzed reactions of toxic substances through conjugation with GSH protecting the cells from oxidative damage. 28, 29 In the present study, catalase level was found to be significantly decreased at 1 to 2 and 6 to 7 hours after death in the heart and kidney, respectively. Sener et al 11 found that the decrease in catalase level in rat liver became significant at 1 to 2 hours postmortem. Catalase breaks hydrogen peroxide down into O 2 and H 2 O using either an iron or manganese cofactor. 30 Regardless of the subcellular localization, catalase activity in the heart is very low in comparison with other tissues. It was hypothesized that low catalase activity in the heart is partially responsible for the high sensitivity of this organ to oxidative injury. 31 It is found in high concentration in the erythrocytes and liver, whereas lower concentrations are found in the skeletal muscle, brain, and heart. The kidneys deal with waste products filtered out of the blood and they contain a reasonable amount of peroxides; therefore, kidney tissue contains a lot of catalase. 32 From the current results, it was observed that oxidative damage started earlier in the heart than in the kidney. This could be explained on the basis of difference of antioxidant activities of both organs. The present study revealed that the antioxidants were affected more early in the heart than in the kidney to overcome the oxidant damage occurred. The antioxidants measured in this study were T-SH level and activities of antioxidant enzymes, GR, GST, and CAT.
The difference in the enzyme responses may be in part due to the differences in the amount, nature, and activities of these enzymes in the different tissues. The low activity of some antioxidant enzymes in the kidney seems to be a result not only of tissue structure oxidative damage, but also of damage of enzymatic structure, function, and enzymatic gene expression. 33 A linear regression analysis was performed to search for factors predicting the early postmortem interval (EPI). Time of death was taken as a dependent variable with MDA, NO, GR, T-SH, CAT, and T-SH as independent variables. The heart model resulted in a linear regression formula with a high predictive value (adjusted R 2 = 97.2%). The MDA, NO, and GR were found to be significant factors independently effecting prediction of the EPI.
Biochemical methods have been found to be of not much use once the decomposition changes start. Time bound histological and histochemical study of degenerative changes in various organs and tissues may be a good solution. 34, 35 The present study revealed gradual deterioration in histopathological examination, which matched in time with the increase in oxidant levels and decrease in antioxidant levels. These findings were in agreement with Ozturk et al, 21 who reported that the histopathological findings found in rat femoral muscle were matched with the oxidant/antioxidant changes.
Histopathological changes noticed in the current study were attributed to the anoxic post mortem effects, which occur after death and make changes in enzyme activity and cellular structure. 36 Autolytic process including changes in size, shape, electron density, and localization of cell structures generally causes gradual loss of highly arranged structural organization of cells. 37 The autolytic enzymes proved in lysosomes of living cells cause destruction of their own cell components after death. Those enzymes disintegrate intracellular material, including organelles very quickly, so the cytoplasm becomes homogenic and looks intensively eosinophilic, which culminates with a loss of cell details and tissue architecture. 38 In conclusion, the relationship between oxidant and antioxidant parameters is crucial in determining the EPI. The kidney was found to be more resistible to oxidative damage. The linear regression formulation derived in this study can be helpful in detecting the EPI in forensic medicine EPI = 8.607 − 0.240 GR + 0.002 MDA+ 0.014 NO (R 2 = 97.2%). Such biochemical markers were the subject of further studies and seem to be useful in combination with other parameters. Most methods described up to now, however, remain to be field tested.
We recommend that further studies must investigate factors effect in postmortem autolytic process such as the cause and manner of death, temperature, air humidity, and environmental conditions, which are not examined in this study. These results are preliminary, although significant results were found in this animal study. Therefore, further research on animals for more duration up to 24 hours and others on humans is needed.
